In order to study the quality changes and shelf life of chitosan coated eggs during storage, the quality, gas chamber diameter, yolk coefficient and the quality change of Hough unit during storage were measured at temperature of 5, 20 and 35 ℃. The Pearson correlation between the quality indexes and the egg Hough's unit value was analyzed, and the yolk coefficient was analyzed dynamically and the shelf life prediction model was based on the basis of the Arrhenius equation. The results showed that the quality of eggs, egg yolk coefficient, and Huff units all decreased with the extension of storage time, and the diameter of the air chambers of eggs showed an increasing trend with the extension of storage time. Moreover, the storage environment at high temperature (20 and 35 ℃) had a significant effect on the quality deterioration than the low temperature (5℃) storage environment; The correlation coefficient between egg yolk coefficient and Hough unit is the highest at all temperatures, which can be used as an important indicator for shelf life prediction; According to the changing rule of egg quality, the yolk coefficient can establish a first order kinetic model. According to the model established by the egg yolk coefficient, the coefficient R 2 of the fitting curve of the predicted value and the measured value is 0.9825, and the average relative error P is 9.32% and less than 10%. The kinetic relationship between yolk coefficient and temperature is well described. At the same time, based on the dynamic model, the shelf life prediction model of chitosan-coated eggs based on yolk coefficient was determined by the dynamic model. The average relative error was 7.6%, less than 10%, which indicated that the egg shelf life prediction model based on the change of egg yolk coefficient was feasible.
INTRODUCTION
Egg is an important source of animal protein, which contains a lot of fat, minerals, vitamins, lecithin, betaine, zeaxanthin, lutein and so on. It is deeply loved by the majority of consumers (Drewnowski, 1995; Yang et al., 2018; Fu et al., 2011) . The egg is a living substance susceptible to microbial spoilage during storage and transport (Xue et al., 2017) . Egg coating technology is a method to prolong the storage life of the egg (Liang et al., 2018) . Chitosan is the most widely studied polysaccharide natural polymer. Because of its good film forming, gas barrier and unique antibacterial properties, it has a wide range of sources, so it has been widely studied in the preservation of egg film ; Tezotto-Uliana et al., 2014). Some experts have studied the quality changes of uncoated and chitosan-coated eggs and the effects of different coating treatments on the shelf life of eggs (Caner, 2008; Scott, 2000; Wang, 2018; Hu, et al., 2019) . In recent years, domestic and foreign scholars have used dynamic models to study the quality changes of meat products, vegetables, fruits and so on, and predict their storage period, which has achieved good results (Lu, et al., 2014 ). Singh and Ma respectively studied the investigation of cellulosic packets impregnated with silver nanoparticles for enhancing shelf-life of vegetables and the shelf life extension technologies of fresh-cut fruits and vegetables (Singh et al., 2017; Ma et al., 2017) . Faucitano studied the shelf life of pork from five different quality classes (Faucitano et al., 2010 (Zhang et al., 2011) . In this study, the changes of the quality of chitosan-coated eggs are studied in terms of diameter, mass, egg yolk coefficient, and Hough unit at different temperatures. The Arrhenius equation is used to establish a mathematical model for the quality change of these chitosan coated eggs and the storage temperature and time. The cost of the model established for the prediction of the shelf life of chitosan coated eggs was low. It can be used as a broad prediction method to know the remaining shelf life of chitosan coated eggs. (Chen, 2010) . The coated eggs were stored at 5, 20and 35 °C, respectively, and the treatment was recorded as 0 days. The eggs were measured on the 0th, 5th, 11th, 15th, 21st, 27th, 32th, 41st, and 54th days respectively. Each time 10 eggs were measured and their average value was taken. Three parallel experiments were conducted for each result. Changes in egg quality during storage: Each of the 10 eggs was weighed with an accuracy of 0.001 g electronic balance. Change in diameter of air chamber during egg storage: The diameter of the largest part of the egg gas chamber of different storage conditions was measured with the egg lamp from the small end of the egg. The average value of 10 eggs was measured each time (Zhao et al., 2004 (7):
MATERIALS AND METHODS

Materials
In equation (8) where SL is for Shelf life, d; F t is correspond to the physical and chemical indexes at the end of the shelf life of eggs; T is for storage temperature, K. Data processing: Using Excel to do data collation and related data fitting and calculation, SPSS statistical software was used to analyze the correlation and verify the rationality of the model.
RESULTS AND DICUSSIONS
The relationship between changes of weight of chitosan-coated eggs and storage time under different storage temperatures As indicated in Figure 1 , the weight of the chitosan-coated eggs decreased significantly with the prolongation of storage time, and the rate of decline in weight increased with increasing temperature. The relationship between the change of diameter of chitosan coated egg chamber and storage time under different storage temperature It can be seen from Figure 2 that the air chamber diameter of eggs increased with the prolongation of storage time. The higher the storage temperature was, the faster the increase rate of chamber diameter was. When stored at 27 days, the air chamber diameter of eggs increased by 57% and increased faster at 35℃. Stored at 20℃for 27 days, the air chamber diameter increased by 33.3%. When stored at 54 days, the air chamber diameter increased by 11.9% at 5℃, which was significantly lower than those of eggs stored at high temperature. Those indicated that low temperature can increase the diameter of the buffer chamber. This was consistent with the change of chamber height of uncoated eggs. As the temperature and time increase, the height of the chamber increases. 
Effects of storage temperature on egg yolk coefficient and storage time of chitosan coated eggs
As Figure 3 shows, high temperature accelerated the reduction of yolk coefficient. When the eggs were stored at 35 °C for 27 days, the yolk coefficient decreased by 76.5%, and the eggs were all yellowed, reaching the end of the shelf life. At this time, the egg yolk coefficient at 20 °C reduced by 51%, and only a small part of the eggs appeared yellow scattered phenomenon. When the eggs were stored at 5 °C for 54 d, the yolk coefficient decreased by 21.6%, which was significantly lower than those eggs stored at high temperature for 27 days. The yolk coefficient of uncoated eggs was decreased by about 82.4% after 30 days storage at 35°C. Those can be concluded that low temperature storage and chitosan coating can delay the decrease of eggs yolk coefficient.
The relationship between storage time and change of Hough unit in chitosan coating at different storage temperatures As showed in Figure 4 , as the storage time was extended, the Huff unit of the egg gradually decreased. The higher the storage temperature, the faster the Huff unit fell. When the coated eggs are stored at 35 °C for 27 days, the Huff unit value is reduced by 44.5%, and when stored at 20 °C and 5 °C for 41 days, the Huff unit values were 51 and 72. When the storage period reached 54 days, the eggs of the Huff unit were decreased by 16%. However, the Huff unit values of the eggs in the uncoated group were decreased by 49.3% after 11 days storage at 25°C. This can be explained by that with the prolongation of storage time, microorganisms grow and reproduce inside eggs through eggshell stomata and proteins are decomposed, resulting in water-like proteins, which resulted in the reduction of the Huff unit value. Chitosan-coated eggs blocked the eggshell stomata, hindered the entry of microorganisms and delayed protein deterioration (Ji et al., 2018) . When the coated eggs are stored at 35 °C for 27 days, the Huff unit value is reduced by 44.5%, and when stored at 20 °C and 5 °C for 41 days, the Huff unit values were 51 and 72.
The correlation between Hough units and various indicators
The Hough unit value is the index of the inspection and expression of egg freshness stipulated by the US Department of agriculture's egg standard, which represents the quality of protein (Caner, 2005) The Hough unit value of the egg has a certain relationship with those and can be expressed by the Pearson correlation coefficient r. When r>0.9, it can be considered that the correlation is significant. According to Table 1 , the Pearson coefficient of weight, air chamber diameter and yolk coefficient were more significant at different temperatures, and the sigma |r| is 2.965, 2.939 and 2.975 respectively. The Pearson system of egg yolk coefficient was the highest, the weight was the second, and the measurement of the egg yolk coefficient was both simple and fast and no chemical pollution in determining the remaining life of the shelf life. Therefore, the yolk coefficient can be used as the most relevant index to predict the shelf life of eggs. 
Establishment of a dynamic model for egg quality of chitosan coated eggs
The result showed that the sum of the determination coefficient of the first-order kinetic model of the egg yolk coefficient was 2.9036, which was greater than the determination coefficient of 2.8047 of the zero-order kinetic model. Therefore, the yolk coefficient was selected by the first-order kinetic model. The larger R 2 indicated a better overall linear relationship. It was known from the table that the coefficient of the regression equation of the yolk coefficient at different storage temperatures was more than 0.9, indicating that the regression equation has a higher fitting precision. 
where YIt ：Yolk values of eggs stored at t time; YI0：Initial egg yolk system value 
Verification of the prediction model of chitosan coated eggs
The egg yolk coefficient at 25 °C in the validation group was calculated by using the egg yolk coefficient prediction model equation, which was the predicted value and compared with the measured value. The results showed that the predicted and measured values of the yolk coefficient calculated by equation 9 are based on the coefficient of determination of the 1:1 line being 0.9596, and the average relative error P calculated from equation 7 was 9.32%, which was less than 10%, indicating that the model can better prediction of egg yolk coefficient at 5~35 °C.
Establishment of Shelf-life Prediction Model for Chitosan-coated Eggs
Based on the above theories and experimental results, it was determined that the change in the yolk coefficient was used to predict the shelf life, and the equation for the shelf life prediction model was derived from the simplified equation 10: ( 
11)
Establishment of Shelf-life Prediction Model for Chitosan-coated Eggs
According to prediction model equation 6, the shelf life value of chitosan coated eggs at 25℃ in the validation group was calculated，which was shelf life prediction value. Comparing the predicted value with the measured value, it was found that the absolute value of the relative error between the prediction value and the measured value of chitosan coating stored at 25 °C was 7.6%, less than 10%. Therefore, according to the above theory, the prediction model of shelf life can be used to predict shelf life of chitosan-coated eggs under storage conditions of 5 to 35 °C.
CONCLUSION
In this paper, the changes of the quality of chitosan-coated eggs, the diameter of the air chamber, the yolk coefficient, and the Huff unit values were studied under different storage temperatures. The results showed that the egg quality, egg yolk coefficient and Huff unit values decreased with the prolongation of storage time, while the diameter of egg gas chamber increased with the prolongation of storage time. According to Pearson correlation analysis of each quality index and Huff unit value of eggs, yolk coefficient can be used as the most relevant index to predict the shelf life of eggs. According to the variation law of egg quality, the first-order dynamic model and Arrhenius equation of yolk coefficient have good fitness. The shelf life prediction model of yolk coefficient was established by using the equation.
